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(54) Hearing aid 

(57) According to a hearing aid comprising a voice- 
less period information detecting means for detecting 
information about a voiceless period based on sound 
received by a sound input means, and a control means 
for changing an amplification factor of an amplifying 
means or switching on/off output of sound emitted by a 
sound output means based on the sound received by the 
sound input means and the information about the voice- 
less period, output of the hearing aid can be controlled 
depending on noise included in the sound. 

Moreover, according to a hearing aid comprising a 
specific sound detecting means for detecting sound hav- 
ing specific frequency from sound received by a sound 
input means, and control means for changing an ampli- 
fication factor of an amplifying means or switching oh/off 
output of sound emitted by a sound output means, or 
making the sound output means receive either a signal 
passing through a filter for the specific frequency or a 
signal bypassing the filter, based on the sound having 
the specific frequency, warning sound having the specific 
frequency or the like appearing suddenly in ambient 
sound can be attenuated. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a hearing aid for 
controlling the emitted sound in consideration of the 
ambient sound. 

The invention also relates to a hearing aid for con- 
trolling the emitted sound depending on the information 
presented by the wearer of the hearing aid. 

2. Related Art of the Invention 

A conventional hearing aid amplified the received 
sound, without distinguishing voice from other sound 
than voice, and emitted the amplified sound to the wearer 
of the hearing aid, and therefore when the ambient sound 
other than the voice became loud, a discomfort was 
given to the wearer of the hearing aid. 

A conventional hearing aid, similarly, amplified the 
alarm sound released by an ambulance or the like, the 
warning sound at the crossing, or other ambient sound, 
together with the voice, the power level of the output 
sound was excessive, and it gave an extreme discomfort 
to the wearer of the hearing aid. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a hearing 
aid capable of controlling the volume of output sound or 
its switching, on the basis of a voiceless period extracted 
from the input sound. 

It is another object of the invention to provide a hear- 
ing aid capable of controlling volume of output sound or 
its switching, or attenuating a frequency band of warning 
sound included in the output sound, by detecting the 
warning sound, for example, when the warning sound 
suddenly gets into ambient sound included in input 
sound. 

It is a further object of the invention to provide a hear- 
ing aid capable of controlling volume of output sound or 
its switching, for example, by extracting a specific action 
by a wearer of the hearing aid. 

To achieve the above objects, the invention provides 
a hearing aid comprising: a sound, input means for 
receiving sound, an amplifying means for amplifying the 
sound received by the sound input means, a sound out- 
put means for emitting the sound amplified by the ampli- 
fying means, a voiceless period information detecting 
means for detecting information about at least one voice- 
less period, on the basis of the sound received by the 
sound input means, and a control means for changing 
an amplification factor of the amplifying means or for 
switching on/off output of the sound emitted by the sound 
output means, on the basis of the information and the 
sound received by the sound input means, or on the 
basis of the information. 



Also, to achieve the above objects, the invention pro- 
vides a hearing aid comprising: a sound input means for 
receiving sound, an amplifying means for amplifying the 
sound received by the sound input means, a sound out- 

5 put means for emitting the sound amplified by the ampli- 
fying means, a specific sound detecting means for 
detecting sound having specific frequency from the 
sound received by the sound input means, and a control 
means for changing an amplification factor of the ampli- 

10 fying means, or for switching on/off output of the sound 
emitted by the sound output means, on.the basis of the 
sound having the specific frequency. 

Further, to achieve the above objects, the invention 
provides a hearing aid comprising: a sound input means 

15 for receiving sound, an amplifying means for amplifying 
the sound received by the sound input means, a sound 
output means for emitting the sound amplified by the 
amplifying means, a specific sound detecting means for 
detecting sound having specific frequency from the 

20 sound received by the sound input means, and a control 
means for managing whether or not- to connect a filter 
which damps the sound having specific frequency either 
between the sound input means and the amplifying 
means, or between the amplifying means and the sound 

25 output means. 

Furthermore, to achieve the above objects, the 
invention provides a hearing aid comprising: a sound 
input means for receiving sound, an amplifying means 
. for amplifying the sound received by the sound input 

30 means, a sound output means for emitting the sound 
amplified by the amplifying means, an information 
detecting means for detecting specific information pre- 
sented by a wearer of the hearing aid, and a control 
means for changing an amplification factor of the ampli- 

35 fying means or for switching on/off output of the sound 
emitted by the sound output means on the basis of the 
specific information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

These and other objects, advantages, features, and 
uses will become more apparent as the description pro- 
ceeds, when considered with the accompanying draw- 
ings in which: 

45 

Fig. 1 is a structural diagram of a first embodiment 
of a hearing aid of the invention; 
Fig. 2 is a structural diagram of a second embodi- 
ment of a hearing aid of the invention; 

so Fig. 3 is a structural diagram of a third embodiment 
of a hearing aid of the invention; 
Fig. 4(a) is a diagram showing an example fre- 
quency and time structure of warning sound; 
Fig. 4(b) is another diagram showing an example fre- 

55 quency and time structure of warning sound; 

Fig. 5 is a structural diagram of a fourth embodiment 
of a hearing aid of the invention; 
Fig. 6 is a structural diagram of a fifth embodiment 
of a hearing aid of the invention; and 
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Fig. 7 is a structural diagram of a sixth embodiment 
of a hearing aid of the invention. 

Detailed Description 

5 

Referring now to Fig. 1 , there is shown therein a 
structural diagram of a first embodiment of a hearing aid 
of the invention. Herein, reference numeral 101 is an A/D 
converter for converting input sound from analog to dig- 
ital signal. Reference numeral 102 is a voiceless period 10 
detector for detecting a voiceless period from the A/D 
converted input sound. Reference numeral 103 is a 
voiceless level detector for measuring a power level of 
sound in the voiceless period detected by the voiceless 
period detector 102. Reference numeral 104 is an input f5 
sound level detector for measuring a power level of the 
A/D converted input sound. Reference numeral 105 is 
an arithmetic and control unit for calculating a ratio of the 
power level measured by the input sound level detector 
104 to the power level measured by the voiceless level 20 
detector 103. 

Reference numeral 106 is a voice characteristic 
processor for changing characteristic of frequency and 
time of the A/D converted input sound, depending on 
hearing characteristic of a wearer of the hearing aid of 25 
the embodiment. In the voice characteristic processor 
106, the hearing characteristic of the wearer is stored in 
advance. Reference numeral 107 is a voice synthesizer 
for synthesizing synthetic sound on the basis of the A/D 
converted input sound having the characteristic changed 30 
by the voice characteristic processor 106. 

Reference numeral 1 08 is an amplifier for amplifying 
a power level of the synthetic sound synthesized by the 
voice synthesizer 1 07, on the basis of the ratio calculated 
by the arithmetic and control unit 105. Reference 35 
numeral 109 is a D/A converter for converting the syn- 
thetic sound of which power level is amplified by the 
amplifier 108 from digital into analog signal in order to 
emit output sound to the wearer. 

The operation of the first embodiment will now be 40 
explained. The A/D converter 101 converts input sound 
from analog to digital signal, and sends it to the voice 
characteristic processor 106. The voice characteristic 
processor 106 suppresses ambient noise contained in a 
voice period by a known method called spectrum sub- 45 
traction method, and changes characteristic of fre- 
quency and time of the A/D converted input sound 
depending on hearing characteristic of the wearer. The 
voice synthesizer 1 07 receives a signal processed by the 
voice characteristic processor 1 06, and synthesizes syn- so 
thetic sound by a known method of DFT (discrete Fourier 
transform) or LPC (liner predictive coding). 

The input sound converted by the A/D converter 101 
is put into a voiceless period detector 102. The voiceless 
period detector 102 detects a voiceless period by a ss 
known method of short-time average zero-crossing rate 
technique. 

The short-time average zero-crossing rate is a 
method of comparing consecutive sample pairs of the 
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input sound converted by the A/D converter 101 , judging 
whether code change (zero crossing) is present or not, 
and accumulating the zero crossing at set time intervals. 
The short-time average zero-crossing rate when voice is 
included in the input sound is higher than that in the 
voiceless period not containing voice in the input sound. 
In the embodiment, accordingly, when the short-time 
average zero-crossing rate in the analysis section is 
smaller than the threshold value (for example, the value 
is preset to make zero crossing of a voice period become 
five times greater than that of a voiceless period.) which 
is preset depending on the short-time average zero- 
crossing rate in the voice period, the voiceless period 
detector 102 judges that the analysis section is a voice- 
less period. 

The arithmetic and control unit 105 determines a 
ratio (F1 / Fenv) from the power level measured by the 
input sound level detector 1 04 and the power level meas- 
ured by the voiceless level detector 103. 

When the ratio is smaller than a predetermined 
value (for example, 20 dB), it is judged that the relative 
noise level is high, and hence gain of the amplifier 108 
is lowered. As a result, the output level of the sound to 
the wearer is lowered, and the unpleasant sound includ- 
ing noise of high level is not applied to the wearer. On 
the other hand, when the ratio is greater than the prede- 
termined value, it is judged that the relative noise level 
is low, so that the gain of the amplifier 108 is set to an 
ordinary value. The D/A converter 109 D/A converts the 
signal thus set in gain and amplified. 

According to the embodiment, therefore, by lowering 
the gain of the amplifier 1 08 when the relative noise level 
is high on the basis of the ratio of the power level of the 
input sound and the power level of the sound in the voice- 
less period, the unpleasant sound due to excessively 
amplified noise is prevented from being applied to the 
wearer. 

Also in the embodiment, on the basis of the voice- 
less period detected by employing the short-time aver- 
age zero-crossing rate, the relative noise level contained 
in the output sound is judged/but not limited to this, the 
relative noise level contained in the output sound may be 
judged on the basis of a ratio of a power level of low range 
frequency to power level of high range frequency, in the 
input sound, or the information of profile of frequency 
spectrum of analyzed sound. 

Further in the embodiment, A/D converter 101 
includes a low pass filter before the input of A/D con- 
verter. D/A converter 109 includes a low pass filter after 
the output of D/A converter. 

Referring to Fig. 2, there is shown therein a struc- 
tural diagram of a second embodiment of a hearing aid 
of the invention. Herein, reference numeral 101 is an A/D 
converter for converting input sound from analog to dig- 
ital signal. Reference numeral 102 is a voiceless period 
detector for detecting a voiceless period from the A/D 
converted input sound. Reference numeral 103 is a 
voiceless level detector for measuring a power level of 
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sound in the voiceless period detected by the voiceless 
period detector 102. 

Reference numeral 106 is a voice characteristic 
processor for changing characteristic of frequency and 
time of the A/D converted input sound, depending on 
hearing characteristic of a wearer of the hearing aid of 
the embodiment. In the voice characteristic processor 
106, the hearing characteristic of the wearer is stored in 
advance. Reference numeral 107 is a voice synthesizer 
for synthesizing synthetic sound on the basis of the A/D 
converted input sound having the characteristic changed 
by the voice characteristic processor 106. Reference 
numeral 108 is an amplifier for amplifying a power level 
of the synthetic sound synthesized by the voice synthe- 
sizer 107. 

Reference numeral 201 is an output switch for turn- 
ing on/off the synthetic sound of which power level is 
amplified by the amplifier 108, on the basis of a power 
level of sound in the voiceless period detected by the 
voiceless level detector 103. Reference numeraM09 is 
a D/A converter for converting the amplified signal sent 
when the output switch 201 is ON from digital to analog 
signal, in order to generate output sound to the wearer. 

The operation of the second embodiment will be now 
explained. The A/D converter 101 converts input sound 
from analog to digital signal, and sends it to the voice 
characteristic processor 106. The voice characteristic 
processor 106 suppresses ambient noise contained in a 
voice period by a known method called spectrum sub- 
traction method, and changes characteristic of fre- 
quency and time of the A/D converted input sound 
depending on hearing characteristic of the wearer. The 
voice synthesizer 1 07 receives a signal processed by the 
voice characteristic processor 1 06, and synthesizes syn- 
thetic sound by a known method of DFT (discrete Fourier 
transform) or LPC (liner predictive coding). The amplifier 

108 amplifies a power level of the synthetic sound syn- 
thesized by the voice synthesizer 107. ' 

The input sound converted by the A/D converter 101 
is put into a voiceless period detector 1 02. The voiceless 
period detector 102 detects a voiceless period by the 
known method of the short-time average zero-crossing 
rate technique, same as in the first embodiment. The 
voiceless level detector 103 measures a power level of 
sound in the voiceless period. 

When the power level of the sound in the voiceless 
period is greater than a preset value (for example, 20 
dB), it is judged that noise is high, and the output switch 
201 is set in OFF state. As a result, unpleasant sound 
containing much noise is prevented from being applied 
to the wearer. On the other hand, when the power level 
of the sound in the voiceless period is smaller than the 
preset value, it is judged that the noise is low, and the 
output switch 201 is set in ON state. The D/A converter 

109 D/A converts the synthetic sound of which power 
level is amplified by the amplifier 108 when the output 
switch 201 is ON, 

In this way. when much noise is contained in the 
ambient sound on the basis of the power level of the 



sound in the voiceless period, the output switch 201 is 
set in OFF state, so that the unpleasant sound due to 
excessively amplified noise is prevented from being 
applied to the wearer. 
5 Referring to Fig. 3, there is shown therein a struc- 
tural diagram of a third embodiment of a hearing aid of 
the invention. The hearing aid of this embodiment is 
effective when warning sound suddenly gets into ambi- 
ent sound contained in input sound. General warning 
10 sound includes the siren of the ambulance, fire engine 
or police car. and the sign sound for pedestrians at the 
crossing. These alarms are the sound having a 
extremely strong power as compared with the level of 
usual ambient sound at a specific frequency, and pos- 
ts sess a specific time-frequency structure. The warning 
sound in the embodiment is assumed to be sound at fre- 
quency F1 [Hz] or having a band width around the fre- 
quency F1 , as shown in Fig. 4 (b). 

Reference numeral 301 is a microphone for picking 
20 up sound. Reference numeral 302 is a filter bank for ana- 
lyzing frequency of the sound picked up by the micro- 
phone 301 . Reference numeral 303 is a power meter for 
measuring a power level of the frequency F1 analyzed 
by the filter bank 302. Reference numeral 304 is a stand- 
25 ard power meter for detecting a specific frequency Fenv 
[Hz] which is not contained in the warning sound having 
the frequency F1 and for measuring a power level of the 
frequency Fenv in the period. Reference numeral 305 is 
an arithmetic and control unit for determining a ratio (F1 
30 I Fenv) of the power level of the frequency F1 measured 
by the power meter 303 to the power level of the fre- 
quency Fenv measured by the standard power meter 
304. 

Reference numeral 306 is a delay circuit for delaying 

35 the sound picked up by the microphone 301. This is to 
compensate for processing time by the filter bank 302, 
the power meter 303, the standard power meter 304, and 
the arithmetic and control unit 305. Reference numeral 
307 is a filter corresponding to the frequency F1 in order 

40 to remove the warning sound having the frequency F1. 
Reference numeral 308 is a selector for selecting 
whether to receive the sound delayed by the delay circuit 
306 to send out into the voice characteristic processor 
309 or to receive a signal through the filter 307 to send 

45 out to the voice characteristic processor 309 nor to 
receive either signal to send out. on the basis of the ratio 
determined by the arithmetic and control unit 305 and 
the power level of the frequency Fenv measured by the 
standard power meter 304. 

so Reference numeral 309 denotes a voice character- 
istic processor for changing characteristic of frequency 
and time of the signal sent from the selector 308, 
depending on hearing characteristic of a wearer In the 
voice characteristic processor 309, the hearing charac- 

55 teristic of the wearer is stored in advance. Reference 
numeral 310 is a voice synthesizer for synthesizing syn- 
thetic sound on the basis of the signal changed of char- 
acteristic by the voice characteristic processor 309. 
Reference numeral 311 is an amplifier for amplifying a 
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power level of the synthetic sound synthesized by the 
voice synthesizer 310. 

The operation of the third embodiment will be now 
explained. The microphone 301 picks up sound. The 
delay circuit 306 delays the sound picked up by the 
microphone 301. The filter 307 attenuates warning 
sound having frequency F1 from the sound delayed by 
the delay circuit 306. 

The sound picked up by the microphone 301 is ana- 
lyzed of frequency by the filter bank 302. Of the signal 
analyzed of frequency by the filter bank 302, the fre- 
quency component in the band around the frequency F1 
is sent out to the power meter 303, in which a power level 
of the frequency F1 is measured. Of the signal analyzed 
of frequency by the filter bank 302, moreover, the signal 
component in the band around the frequency Fenv is 
sent out to the standard power meter 304, in which a 
power level of the frequency Fenv is- measured. The 
arithmetic and control unit 305 determines a ratio (F1 / 
Fenv), from the power level of the frequency F1 meas- 
ured by the power meter 303 and the power level of the 
frequency Fenv measured by the standard power meter 
304. 

When the ratio determined by the arithmetic and 
control unit 305 is greater than a preset value (for exam- 
ple, 5.0), it is judged that the warning sound is included 
in the sound picked up by the microphone 301. In this 
case, the selector 308 selects a signal through the filter 
307, and sends it to the voice characteristic processor 
309. 

When the ratio determined by the arithmetic and 
control unit 305 is smaller than the preset value, and the 
power level of the frequency Fenv measured by the 
power meter 304 is smaller than a specific value (for 
example, 100dBspl), ambient sound except for the warn- 
ing sound is not so loud, and it is judged that the warning 
sound is absence. In this case, the selector 308 selects 
the sound delayed by the delay circuit 306, and sends it 
to the voice characteristic processor 309. 

When the power level of the frequency Fenv is 
greater than the specific value, regardless of the pres- 
ence or the absence of the warning sound, it is judged 
that noise included in the ambient sound is high. In this 
case, the selector 308 selects neither the signal through 
the filter 307 nor the sound delayed by the delay circuit 
306, and no signal is sent to the voice characteristic proc- 
essor 309. 

The voice characteristic processor 309 changes 
characteristic of frequency and time of the signal sent by 
the selector 308, depending on the hearing characteris- 
tic of the wearer. The voice synthesizer 310 receives the 
signal processed by the voice characteristic processor 
309. and synthesizes synthetic sound. The amplifier 31 1 
amplifies the power level of the synthetic sound synthe- 
sized by the voice synthesizer 310. 

In this way, it is the effect of the hearing aid of the 
embodiment that the warning sound included in the input 
sound can be attenuated when the warning sound sud- 
denly gets into the ambient sound included in the input 
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sound, on the basis of the ratio determined by the arith- 
metic and control unit 305 and the power level of the fre- 
quency Fenv measured by the standard power meter 
304, and that unpleasant sound due to excessively 

s amplified the warning sound or the like is prevented from 
being applied to the wearer. 

In the embodiment, meanwhile, the arithmetic and 
control unit 305 uses the power level in the specified fre- 
quency Fenv which is not included in the warning sound , 

10 having the frequency F1 as a reference for the ratio, but 
not limited to this, it may use a power level based on plu- 
ral specific frequency components which are not 
included in the warning sound having the frequency F1 
as the reference, or it may uses a power level in a specific 

is frequency band which includes all or part of the warning 
sound having the frequency F1 as the reference, or it 
may uses, same as in the first embodiment, a power level 
of the sound picked up by the microphone 301 without 
frequency analysis as the reference. 

20 Also in the embodiment, the standard power meter 
304 measures a power level without determining the 
voiceless period, but not limited to this, the standard 
power meter 304 may measure a power level after the 
voiceless period is determined. 

25 Also in the embodiment, using the filter bank 302, 
the sound picked up by the microphone 301 is analyzed 
of frequency, but not limited to this, the sound may be 
analyzed of frequency by using a known method of fre- 
quency analysis technique such as FFT and filter anal- 

30 ysis. 

Also in the embodiment, the arithmetic and control 
unit 305 determines the ratio of the power level of the 
frequency F1 measured by the power meter 303 to the 
power level of the frequency Fenv measured by the 

35 standard power meter 304, but not limited to this, the 
arithmetic and control unit 305 may determine difference 
between the power level of the frequency F1 measured 
by the power meter 303 and the power level of the fre- 
quency Fenv measured by the standard power meter 

40 304. 

Referring to Fig. 5, there is shown therein a struc- 
tural diagram of a fourth embodiment of a hearing aid of 
the invention. Warning sound in the embodiment is 
assumed to be sound at frequency F1 [Hz] or having a 

45 band width around that the frequency F1 , as shown in , 
Fig. 4 (b). Reference numeral 301 is a microphone for 
picking up sound. Reference numeral 302 is a filter bank 
for analyzing frequency of the sound picked up by the 
microphone 301. Reference numeral 303 is a power 

so meter for measuring power level of the frequency F1 ana- 
lyzed by the filter bank 302. Reference numeral 304 is a 
standard power meter for detecting a voiceless period 
for a specific frequency Fenv [Hz] which is not contained 
in the warning sound having the frequency F1 , same as 

55 in the first embodiment, and for measuring a power level 
of the frequency Fenv in the voiceless period. Reference 
numeral 305 is an arithmetic and control unit for deter- 
mining ratio of the power level of the frequency F1 meas- 
ured by the power meter 303 to the power level of the 
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frequency Fenv in the voiceless period measured by the 
standard power meter 304. 

Reference numeral 306 is a delay circuit for delaying 
the sound picked up by the microphone 301 . This is to 
compensate for processing time by the filter bank 302, 
the power meter 303, the standard power meter 304, and 
the arithmetic and control unit 305, Reference numeral 
307 is a filter corresponding to the frequency F1 for 
removing the warning sound. Reference numeral 308 is 
a selector for selecting whether to receive the sound 
delayed by the delay circuit 306 to send out into the voice 
characteristic processor 309 or to receive a signal 
through the filter 307 to send out to the voice character- 
istic processor 309 nor to receive either signal, on the 
basis of the ratio determined by the arithmetic and con- 
trol unit 305 and the power level of the frequency Fenv 
in the voiceless period measured by the standard power 
meter 304. 

Reference numeral 309 denotes voice characteristic 
processor for changing characteristic of frequency and 
time of the signal sent from the selector 308, depending 
on hearing characteristic of a wearer of the hearing aid. 
In the voice characteristic processor 309, the hearing 
characteristic of the wearer is stored in advance. Refer- 
ence numeral 31 1 is an amplifier for amplifying a signal 
changed of characteristic by the voice characteristic 
processor 309. Reference numeral 310 is a voice syn- 
thesizer for synthesizing synthetic sound on the basis of 
the signal amplified by the amplifier 311. Reference 
numeral 501 is a vibrator for informing the wearer by 
vibration that the warning sound is emitted, on the basis 
of the power level of the frequency F1 measured by the 
power meter 303. 

The operation of the fourth embodiment will be now 
explained. The microphone 301 picks up sound. The 
delay circuit 306 delays the sound picked up by the 
microphone 301. Ther filter 307 attenuates warning 
sound having the frequency F1 from the sound delayed 
by the delay circuit 306. 

The sound picked up by the microphone 301 is ana- 
lyzed of frequency by the filter bank 302. Of the signal 
analyzed of frequency by the filter bank 302, the fre- 
quency component in the band around the frequency of 
F1 is sent out to the power meter 303, in which a power 
level of the frequency F1 is measured. Of the signal ana- 
lyzed of frequency by the filter bank 302, moreover, the 
signal component in the band around the frequency Fenv 
is sent out to the standard power meter 304, in which a 
power level of the frequency Fenv in the voiceless period 
is measured. The arithmetic and control unit 305 deter- 
mines a ratio (F1 / Fenv) from the power level of the fre- 
quency F1 measured by the power meter 303 and the 
power level of the frequency Fenv in the voiceless period 
measured by the standard power meter 304. 

When the ratio is greater than a preset value (for 
example, 5.0). it is judged that the warning sound is 
included in the sound picked up by the microphone 301 . 
In this case, the selector 308 selects a signal through the 



filter 307, and sends it to the voice characteristic proces- 
sor 309. 

When the ratio is smaller than the preset value, and 
the power level of the frequency Fenv in the voiceless 

5 period measured by the power meter 304 is smaller than 
a specific value (for example, 100 dBspl), ambient sound 
except for the warning sound is not so loud, and it is 
judged that the warning sound is not present. In this 
case, the selector 308 selects the sound delayed by the 

w delay circuit 306, and sends it to the voice characteristic 
processor 309. 

When the power level of the frequency Fenv in the 
voiceless period measured by the power meter 304 is 
greater than the specific value, regardless of the pres- 

15 ence or the absence of the warning sound, it is judged 
that noise included in the ambient sound is high. In this 
case, the selector 308 selects neither the signal through 
the filter 307 nor the sound delayed by the delay circuit 
306, and no signal is sent to the voice characteristic proc- 

20 essor 309. 

The voice characteristic processor 309 changes 
characteristic of frequency and time of the signal sent 
from selector 308, depending on hearing characteristic 
of the wearer.. The amplifier 31 1 amplifies a power level 

25 of the signal changed of the characteristic by the voice 
characteristic processor 309. The voice synthesizer 31 0 
receives the signal of which power level is amplified by 
the amplifier 31 1, and synthesizes synthetic sound. 
It is sometimes desired that the warning sound be 

30 sensed, whether the sound is large or small, by the 
wearer in any method. In this embodiment, it is detected 
whether the warning sound is issued or not, on the basis 
of the power level of the frequency F1 measured by the 
power meter 303. That is, when the power level of the 

35 frequency F1 measured by the power meter 303 is larger 
than the specified value; it is judged that the warning 
sound is issued. In this case, by vibrating the vibrator 
501 , the issue of the warning sound can be noticed to 
the wearer. 

40 In this way, it is the effect of the hearing aid of the 
embodiment that the warning sound included in the input 
sound can be attenuated when the warning sound sud- 
denly gets into the ambient sound included in the input 
sound, on the basis of the ratio determined by the arith- 

45 metic and control unit 305 and the power level of the fre- 
quency Fenv in the voiceless period measured by the 
standard power meter 304, and that unpleasant sound 
due to excessively amplified the warning sound or the 
like is prevented from being applied to the wearer. 

so The hearing aid of the embodiment can tell the issue 
of warning sound to the wearer. 

Incidentally, in this embodiment, the vibrator 501 is 
used for telling that the warning sound is issued to the 
wearer, but not limited to this, for example, visible light 

55 may be used. 

In the embodiment, meanwhile, the arithmetic and 
control unit 305 uses the power level in the specified fre- 
quency Fenv which is not included in the warning sound 
having frequency F1 as a reference for the ratio, but not 
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limited to this, it may use a power level based on plural 
specific frequency components which are not included 
in the warning sound having frequency F1 as the refer- 
ence, or it may uses a power level in a specific frequency 
band which includes all or part of the warning sound hav- 5 
ing frequency F1 as the reference, or it may uses, same 
as in the first embodiment, a power level of the sound 
picked up by the microphone 30 1 without frequency anal- 
ysis as the reference. 

Also in the embodiment, before the standard power 10 
meter 304 measures a power level, a voiceless period is 
determined, and the power level in the period is meas- 
ured, but not limited to this, the power level may be meas- 
ured without determining the voiceless period. 

Also in the embodiment, using the filter bank 302, is 
the sound picked up by the microphone 301 is analyzed 
of frequency, but not limited to this, the sound may be 
analyzed of frequency by using frequency analysis tech- 
nique such as FFT and filter analysis. 

Also in the embodiment, the arithmetic and control 20 
unit 305 determines the ratio of the power level of the 
frequency F1 measured by the power meter 303 to the. 
power level of the frequency Fenv in the voiceless period 
measured by the standard power meter 304, but not lim- 
ited to this, the arithmetic and control unit 305 may deter- 25 
mine the difference between the power level of the 
frequency F1 measured by the power meter 303 and the 
power level of the frequency Fenv in the voiceless period 
measured by the standard power meter 304. 

Referring to Fig. 6, there is shown therein a struc- 30 
tural diagram of a fifth embodiment of a hearing aid of 
the invention/ Warning sound in the embodiment is 
assumed to be sound at frequency F1 [Hz] or having a 
band width around the frequency F1 , as shown in Fig. 4 
(b). Reference numeral 301 is a microphone for picking 35 
up sound. Reference numeral 302 is a filter bank for ana- 
lyzing frequency of the sound picked up by the micro- 
phone 301 . Reference numeral 303 is a power meter for 
measuring a power level of the frequency F1 analyzed 
by the filter bank 302. Reference numeral 304 is a stand- 40 
ard power meter for detecting a voiceless period for a 
specific frequency Fenv [Hz] which is not contained in 
the warning sound having the frequency F1 , same as in 
the first embodiment, and for measuring a power level of 
the frequency Fenv in the voiceless period. Reference 45 
numeral 305 is an arithmetic and control unit for deter- 
mining difference of the power level of the frequency F1 
measured by the power meter 303 minus the power level 
of the frequency Fenv in the voiceless period measured * 
by the standard power meter 304. Reference numeral so 
601 is a time meter for determining length of the duration 
when the difference is greater than a specific value. 

Reference numeral 306 is a delay circuit for delaying 
the sound picked up by the microphone 301 . This is to 
compensate for processing time by the filter bank 302, 55 
the power meter 303, the standard power meter 304, and 
the arithmetic and control unit 305. Reference numeral 
307 is a filter corresponding to the frequency F1 for 
removing the warning sound. Reference numeral 308 is 
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a selector for selecting whether to* receive the sound 
delayed by the delay circuit 306 to send out into the voice 
characteristic processor 309 or to receive a signal 
through the filter 307 to send out to the voice character- 
istic processor 309 nor to receive either signal, on the 
basis of the length of the duration determined by the time 
meter 601 and the power level of the frequency Fenv in 
the voiceless period measured by the standard power 
meter 304. 

Reference numeral 309 denotes a voice character- 
istic processor for changing characteristic of frequency 
and time of the signal sent from the selector 308, 
depending on hearing characteristic of the wearer. In the 
voice characteristic processor 309, the hearing charac- 
teristic of the wearer is stored in advance. Reference 
numeral 310 is a voice synthesizer for synthesizing syn- 
thetic sound on the basis of the signal changed of char- 
acteristic by the voice characteristic processor 309. 
Reference numeral 31 1 is an amplifier for amplifying the 
synthetic sound synthesized by the voice synthesizer 
310. 

The operation of the fifth embodiment will be now 
explained. The microphone 301 picks up sound. The 
delay circuit 306 delays the sound picked up by the 
microphone 301. The filter 307 attenuates warning 
sound having the frequency F1 from the sound delayed 
by the delay circuit 306. 

The sound picked up by the microphone 301 is ana- 
lyzed of frequency by the filter bank 302. Of the signal 
analyzed of frequency by the filter bank 302, the fre- 
quency component in the band around the frequency of 
F1 is sent out to the power meter 303, in which a power 
level of the frequency F1 is measured. Of the signal ana- 
lyzed of frequency by the filter bank 302, moreover, the 
signal component in the band around the frequency Fenv 
is sent out to the standard power meter 304, in which the 
power level of the frequency Fenv in the voiceless period 
is measured. The arithmetic and control unit 305 deter- 
mines difference of the power level of the frequency F1 
measured by the power meter 303 minus the power level 
of the frequency Fenv in the voiceless period measured 
by the standard power meter 304. The time meter 601 
determines length of the duration when the difference 
determined by the arithmetic and control unit 305 is 
greater than a specific value. 

When the length of the duration determined by the 
time meter 601 is longer than a preset value, it is judged 
that the warning sound is included in the sound picked 
up by the microphone 301 . In this case, the selector 308 
selects a signal through the filter 307, and sends it to the 
voice characteristic processor 309. 

When the length of the duration determined by the 
time meter 601 is longer than the preset value, and the 
power level of the frequency Fenv in the voiceless period 
measured by the power meter 304 is smaller than a spe- 
cific value, ambient sound except for the warning sound 
is not so loud, and it is judged that the warning sound is 
not present. In this case, the selector 308 selects the 



7 



BNSOOCID:<EP 0707433A2> 



EP0 707 433 A2 



sound delayed by the delay circuit 306. and sends it to 
the voice characteristic processor 309. 

When the power level of the frequency Fenv in the 
voiceless period measured by the power meter 304 is 
greater than the specific value, regardless of the pres- 
ence or the absence of the warning sound, it is judged 
that noise included in the ambient sound is high. In this 
case, the selector 308 selects neither the signal through 
the filter 307 nor the sound delayed by the delay circuit 
306, and no signal is sent to the voice characteristic proc- 
essor 309. 

The operation after the selector 308 is same as in 
the third embodiment shown in Fig. 3. 

Thus, according to the hearing aid of the embodi- 
ment, by using two different features of frequency struc- 
ture of the warning sound and its duration, the warning 
sound can be detected more securely. 

Incidentally, in the embodiment, the arithmetic and 
control unit 305 determines the difference between the 
power level of the frequency F1 measured by the power 
meter 303 and the power level of the frequency Fenv in 
the voiceless period measured by. the standard power 
meter 304, but not limited to this, the arithmetic and con- 
trol unit 305 may also determine ratio from the power 
level of the frequency F1 measured by the power meter 

303 and the power level of frequency Fenv in the voice- 
less period measured by the standard power meter 304. 

In the embodiment, meanwhile, the time meter 601 
uses the power level in the specified frequency Fenv 
which is not included in the warning sound having the 
frequency F1 as a reference for the difference, but not 
limited to this, it may use a power level based on plural 
specific frequency components which are not included 
in the warning sound having the frequency F1 as the ref- 
erence, or it may uses a power level in a specific fre- 
quency band which includes all or part of the warning 
sound having the frequency F1 as the reference, or it 
may uses, same as in thefirst embodiment, a power level 
of the sound picked up by the microphone 301 without 
frequency analysis as the reference. 

Also in the embodiment, the standard power meter 

304 measures the power level in the voiceless period, 
but not limited to this, it may measure a power level with- 
out determining the voiceless period. 

Also in the embodiment, the sound picked up by the 
microphone 301 is analyzed of frequency by using the 
filter bank 302, but not limited to this, the sound may be 
analyzed of frequency by using frequency analysis tech- 
nique such as FFT and filter analysis. 

Also in the embodiment, when the length of the dura- 
tion determined by the time meter 601 is longer than the 
preset value, it is judged that the warning sound is 
included in the sound picked up by the microphone 301 , 
but not limited to this, when the length of the duration 
determined by the time meter 601 is within a preset 
range, it may be judged that the warning sound is 
included in the sound picked up by the microphone 301 . 

Referring to Fig. 7, there is shown therein a struc- 
tural diagram of a sixth embodiment of a hearing aid of 



the invention. Reference numeral 701 is an A/D con- 
verter for converting input sound from analog into digital 
signal. Reference numeral 702 is a frequency character- 
istic calculator for determining spectral structure of the 
s input sound converted by the A/D converter 701 . Refer- 
ence numeral 703 is a voiceless period detector for 
detecting a voiceless period from the A/D converted 
input sound. Reference numeral 704 is an operator for 
removing noise of ambient sound included in the spectral 
to structure on the base of output of the frequency charac- 
teristic calculator 702 and the voiceless period detector 
703. Reference numeral 705 is a spectral operator for 
changing characteristic of frequency and time of output 
of the operator 704 depending on hearing characteristic 
is of a wearer of the hearing aid of the embodiment. In the 
spectral operator 705, the hearing characteristic of the 
wearer is stored in advance. Reference numeral 706 is 
a voice synthesizer for synthesizing synthetic sound on 
the basis of a signal changed of characteristic by the 
20 spectral operator 705. 

Reference numeral 709 is a direction judging device 
for judging if a front side of the wearer is directed to an 
incoming direction of voice or not. 

Reference numeral 707 is an output switch for 
25 changing over whether or not to send the synthetic sound 
synthesized by the voice synthesizer 706 to an amplifier 
710 on the basis of the judgement by the direction judg- 
ing device 709. Reference numeral 710 is an amplifier 
for amplifying the synthetic sound sent from the output 
30 switch 707. Reference numeral 708 is a D/A converter 
for converting the synthetic sound amplified by the ampli- 
fier 710 from digital into analog signal in order to produce 
output sound to the wearer. 

The operation of the sixth embodiment will be now 
35 explained. The A/D converter 701 converts input sound 
from analog into digital signal, and sends it to the fre- 
quency characteristic calculator 702 and the voiceless 
period detector 703. The frequency characteristic calcu- 
lator 702 analyzes the sound converted by the A/D con- 
40 verter 701 by filter analysis to determine the sound is 
composed of what frequency components. The voice- 
less period detector 703 detects a voiceless period from 
the input sound converted by the A/D converter 701, by 
using the known art of the short-time average zero- 
45 crossing rate, same as in thefirst embodiment. The oper- 
ator 704 removes noise included in the input sound, by 
estimating frequency spectrum of noise included in the 
sound converted by the A/D converter 701 , by using the 
spectrum subtraction technique on the basis of signals 
so sent from the frequency characteristic calculator 702 and 
the voiceless period detector 703. The spectral operator 
705 changes characteristic of frequency and time for the 
signal of which noise is suppressed by the operator 704, 
depending on the hearing characteristic of the wearer. 
55 The voice synthesizer 706 receives the signal changed 
of characteristic by the spectral operator 705. and syn- 
thesizes synthetic sound by the known synthesizing 
method of DFT (discrete Fourier transform) or LPC (lin- 
ear predictive coding). 
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Parallel to the above process, the direction judging 
device 709 judges if a front side of the wearer is directed 
to an incoming direction of voice or not. The hearing aid 
of the embodiment comprises a directive microphone, 
aside from a non-directional microphone used in an ordi- 5 
nary hearing aid. When wearing the hearing aid, the 
directive microphone is mounted so as to pick up sound 
in front of the wearer. The direction judging device 709 
judges whether a front side of the wearer is directed to 
an incoming direction of voice or not, on the basis of 10 
sound picked up by the non-directional microphone and 
sound picked up by the directive microphone. That is, 
when a power level of the sound picked up by the direc- 
tional microphone nearly equals a power peak of the 
sound picked up by the non-directional microphone, it is 15 
judged that the front side of the wearer is directed to the 
incoming direction of voice. Not limited to this method, 
however, it is also realized by a method of determining 
the direction where a power level of sound reaches the 
maximum or a method of using a stereo microphone. 20 

The output switch 707 changes over whether or not 
to send the synthetic sound synthesized by the voice 
synthesizer 706 to the amplifier 710, on the basis of the 
judgement by the direction judging device 709. The 
v amplif ier 71 0 amplifies the synthetic sound sent from the 25 
output switch 707. The D/A converter 708 converts the 
synthetic sound sent from the output switch 707 from dig- 
ital into analog signal, in order to emit output sound to 
the wearer. " 

Thus, according to the embodiment, the output 30 
sound can be controlled by detecting the specific infor- 
mation presented by the wearer. 

Also in the embodiment, the output sound is control- 
led depending on whether the front side of the wearer is 
directed to the incoming direction of the voice or not, but 35 
not limited to this, the output sound may be controlled 
depending on the line of vision of the wearer, or opening 
or closing of the eyes of the wearer. 

As clear from the description of these embodiments, 
according to the hearing aid of the invention, the output 40 
of the hearing aid can be controlled depending on noise 
included in ambient sound. 

In the invention, by detecting the warning sound sud- 
denly appearing in ambient sound, it can be attenuated, 
so that the hearing aid not amplifying such sound can be as 
presented. 

The invention also has the effect of controlling output 
of the hearing aid on the basis of specific information pre- 
sented by the wearer. 

Incidentally, the voiceless period in the invention is so 
not limited to a period completely free from voice, but 
may be a period containing voice which is not removed 
by a threshold value as in the first embodiment. 

Also in the above-mentioned embodiments, a block 
of a means (for example, earphone) for emitting sound 55 
to a wearer of the hearing aid is not shown in Fig. 1, 2, 
3, 5, and 7. The means is included in a sound output 
means 0 of the invention. 
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Furhtermore in the above-mentioned embodiments, 
a block of a means (for example, microphone) fpr receiv- 
ing sound is mot shown in Figs. 1. 2 and 7. The means 
is included in a sound input means of the invention. 

Claims 

1 . A hearing aid comprising: 

a sound input means for receiving sound, 

an amplifying means (108) for amplifying the 
sound received by said sound input means. 

a sound output means for emitting the sound 
amplified by said amplifying means (108), 

a voiceless period information detecting 
means (102, 103) for detecting information about at 
least one voiceless period, on the basis of the sound 
received by said sound input means, and 

a control means (105) for changing an ampli- 
fication factor of said amplifying means (108) or for 
switching on/off output of the sound emitted by said 
sound output means, on the basis of said informa- 
tion and. the sound received by said sound input 
means, or on the basis of said information. 

2. A hearing aid of claim 1 , wherein 

said control means (105) changes the ampli- 
fication factor of said amplifying means (108) or 
switches on/off the output of the sound emitted by 
said sound output means, on the basis of a power 
level of sound in said voiceless period and a power 
level of the sound received by said sound input 
means, or on the basis of a power level of sound in 
said voiceless period. 

3. A hearing aid of claim 1 , wherein 

said control means (105) changes the ampli- 
fication factor of said amplifying means (108) or 
switches on/off the output of the sound emitted by 
said sound output means, on the basis of a ratio of 
a power level of the sound received by said sound 
input means to a power level of sound in said voice- 
less period. 

4. A hearing aid comprising: 

a sound input means (301) for receiving 

sound, 

an amplifying means (31 1) for amplifying the 
sound received by said sound input means (301), 

a sound output means for emitting the sound 
amplified by said amplifying means (31 1), 

a specific sound detecting means (302, 304) 
for detecting sound having specific frequency from 
the sound received by said sound input means 
(301), and 

a control means (305) for changing an ampli- 
fication factor of said amplifying means (311), or for 
switching on/off output of the sound emitted by said 
sound output means, on the basis of said sound hav- 
ing the specific frequency. 
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A hearing aid comprising: 

a sound input means (301) for receiving 

sound, 

an amplifying means (311) for amplifying the 
sound received by said sound input means (301). 

a sound output means for emitting the sound 
amplified by said amplifying means (311), 

a specific sound detecting means (302, 304) 
for detecting sound having specific frequency from 
the sound received by said sound input means 
(301). and 

a control means (305) for managing whether 
or not to connect a filter (307) which damps said 
sound having specific frequency either between said 
sound input means (301 ) and said amplifying means 
(311). or between said amplifying means (311) and 
said sound output means. 

A hearing aid of claim 4 or 5, wherein by "on the 
basis of said sound having the specific frequency", 
it is meant on the basis of a power level of said sound 
having the specific frequency 

A hearing aid of claim 4 or 5. wherein by "on the 
basis of said sound having the specific frequency", 
it is meant on the basis of a period of said sound, of 
which power level satisfies a specific reference, hav- 
ing the specific frequency. 

A hearing aid of claim 4 or 5, further comprising: 

a standard sound detecting means for detect- 
ing a signal at least containing different frequency 
from said sound having the specific frequency or for 
detecting the signal in a voiceless period, from the 
sound received by said sound input means (301). 

wherein by "on the basis of said sound having 
the specific frequency", it is meant on the basis of a 
ratio of a power level of said sound having the spe- 
cific frequency to a power level of the signal detected 
by said standard sound detecting means. 

A hearing aid of claim 4 or 5, further comprising: 

a standard sound detecting means for detect- 
ing a signal at least containing different frequency 
from said sound having the specific frequency or for 
detecting. the signal in a voiceless period, from the 
sound received by said sound input means (301), 

wherein by "on the basis of said sound having 
the specific frequency", it is meant on the basis of a 
period of a ratio satisfying a specific reference, the 
ratio being a ratio of a power level of said sound hav- 
ing the specific frequency to a power level of the sig- 
nal detected by said standard sound detecting, 
means. 

A hearing aid of any one of claims 4, 5. 6. 7, 8 or 9. 
further comprising 

a specific sound detection notice means 
(501) for notifying a wearer of presence or absence 



of said sound having the specific frequency on the 
basis of the sound having the specific frequency 
detected by said specific sound detecting means. 

5 1 1 . A hearing aid of claim 1 0, wherein 

said specific sound detection notice means 
notifies said wearer of the presence or the absence 
of said sound, by using vibration or visible light. 

w 12. A hearing aid comprising: 

a sound input means for receiving sound, 
an amplifying means (710) for amplifying the 
sound received by said sound input means. - 

a sound output means for emitting the sound 
15 amplified by said amplifying means (710), 

an information detecting means (709) for 
detecting specific information presented by a wearer 
of said hearing aid, and 

a control means (709) for changing an ampli- 
20 fication factor of said amplifying means (710) or for 
switching on/off output of the sound emitted by said 
sound output means on the basis of said specific 
information. 

25 1 3. A hearing aid of claim 1 2, wherein 

said specific information is information 
whether a front of said wearer is directed to an 
incoming direction of voice or not. 

30 14. A hearing aid of claim 12. wherein 

said specific information is information 
whether said wearer is closing eyes for more than a 
specific time or not. 



35 



15. A hearing aid of claim 12, wherein 

said specific information is information 
whether a line of sight of said wearer is directed to 
an incoming direction of voice or not. 
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Fig. 2 
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Fig. 3 
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Fig. 5 
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(54) Hearing aid 

(57) According to a hearing aid comprising a voice- 
less period information detecting means for detecting 
information about a voiceless period based on sound 
received by a sound input means, and a control means 
for changing an amplification factor of an amplifying 
means or switching on/off output of sound emitted by a 
sound output means based on the sound received by 
the sound input means and the information about the 
voiceless period, output of the hearing aid can be con- 
trolled depending on noise included in the sound. 

Moreover, according to a hearing aid comprising a 
specific sound detecting means for detecting sound 
having specific frequency from sound received by a 
sound input means, and control means for changing an 
amplification factor of an amplifying means or switching 
on/off output of sound emitted by a sound output 
means, or making the sound output means receive 
either a signal passing through a filter for the specific 
frequency or a signal bypassing the filter, based on the 
sound having the specific frequency, warning sound 
having the specific frequency or the like appearing sud- 
denly in ambient sound can be attenuated. 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: Claims 1-3 

Claims 1-3 relate to a hearing aid comprising: 
-) sound input means, 

-) amplifying means (108) for amplifying the sound 

received by said input means, 
-) sound output means for emitting the amplified sound, 
-j voiceless period information detecting means (102, 

103) for detecting information about at least one 

voiceless period based on the received sound, and 
-) controlling means (105) for 

-) changing the amplification of the ampl if ying means, 
or 

-) switching on/off the emitted sound of the sound 

output means 
on the basis of said information. 



2. Claims: Claims 4,6-11 



Claims 4,6-11 (when claims 6-11 are dependent on claim 4) 
relate to a hearing aid comprising: 
-) sound input means (301), 

-) amplifying means (311) for amplifying the sound 

received by said input means, 
-) sound output means for emitting the amplified sound 
-) specific sound detecting means (302,304) for 

detecting sound. having an specific frequency, and 
-) controlling means (305) for 

-) changing the amplification of the amplifying means, 
or 

-) switching on/off the emitted sound of the sound 

output means 
on the basis of said sound having the specific 
frequency. 



3. Claims: Claims 5-11 

Claims 5-11 (when claims 6-11 are dependent on claim 5) 
relate to a hearing aid comprising: 
-) sound input means (301), 

-) amplifying means (311) for amplifying the sound 
received by said input, 

-) sound output means for emitting the amplified sound, 

-) specific-sound detecting means (302,304) for 
detecting sound having an specific frequency, and 

-) controlling means (305) for managing whether or not to 
connect a filter (307) which damps said sound having 
the specific frequency either before or after the 
amplifying means on the basis of said sound having the 
specific frequency. 
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The Search Division considers that the present European patent application does not comply with the . 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



4. Claims: Claims 12-15 

Claims 12-15 relate to a hearing aid comprising: 



-) sound input means, 
-) amplifying means (710) for amplifying the sound 

received by said input means, 
-) sound output means for emitting the amplified sound, 
-) information detecting means (709) for detecting 

specific information presented by the wearer, and 
-) controlling means (709) for switching on/off the 

emitted sound of the sound output means on the basis of 
said information. 



